ABSTRACT Anastrepha grandis (Macquart) (Diptera: Tephritidae) is one of the main pests of cucurbits in Brazil. Losses occur due to the damage caused to the fruits and the embargo on exports, as A. grandis is considered a quarantine pest in countries that import Brazilian cucurbits. This study aimed to evaluate the development of A. grandis in hosts of the Cucurbitaceae family. The hosts used were stem squash (Cucurbita pepo L.), squash (Cucurbita moschata Duchesne), chayote [Sechium edule (Jacq.) Swartz], mini watermelon [Citrullus lanatus (Thunb.) Matsum & Nakai], Spanish melon (Cucumis melo L.), hybrid squash "Tetsukabuto" (C. moschata Â Cucurbita maxima Duchesne), and salad cucumber (Cucumis sativus L.). We evaluated the viability and duration of egg-to-pupa period, pupal weight, sex ratio, and average number of pupae per fruit under controlled conditions of temperature, relative humidity, and photophase. The preoviposition and oviposition periods, fecundity, fertility, and longevity of females were determined for adults. Hosts of the genus Cucurbita provided a better development of A. grandis in comparison with other hosts, and presented a greater number of insects on fruit as well as higher infestation rate. Fecundity and longevity were also higher for females that developed in hosts of the genus Cucurbita, although values of these biological parameters varied between stem squash, squash, hybrid squash "Tetsukabuto."
Among the cultivated plants, 26 species represent the cucurbits, and squash (Cucurbita spp.), cucumbers (Cucumis sativus L.), melons (Cucumis melo L.), and watermelon (Citrullus spp.) account for 20% of total production of oleraceous products in the world. The main global culture is watermelon, accounting for $40% of the total production of cucurbits. Cucumbers, melons, and pumpkins represent $27, 20, and 12% of production of cucurbits, respectively (Almeida 2002) .
Phytosanitary issues are among the main factors that compromise the Brazilian production of cucurbits. Pests are highly relevant because they cause damages to leaves and fruits, inflicting direct loss due the feeding of the fruits and the transmission of pathogens (Duarte 2003) . Anastrepha grandis (Macquart) (Diptera: Tephritidae) is one of the main pests of cucurbits. It is popularly known as "South American cucurbit fly," characterized by attacking both native and exotic species (Norrbom 2000) . A. grandis is a neotropical insect, and its occurrence has been registered in countries of South and Central America (North American Plant Protection Organization [NAPPO] 
2009). In Brazil,
A. grandis is considered one of the seven species of fruit flies of the genus Anastrepha of economic importance and it occurs in the South, Southeast, and Midwest of the country (Zucchi 2000) . The main hosts of A. grandis are melon (Silva et al. 1968, Silva and Malavasi 1993) , zucchini (Cucurbita pepo L.) (Costa Lima 1926 , Malavasi et al. 1980 , squash (Cucurbita moschata Duchesne) and pumpkins (Cucurbita maxima Duchesne) (Malavasi et al. 1980) , watermelon (Costa Lima 1926) , cucumber (Costa Lima 1926) , and chayote (Sechium edule (Jacq.) Swartz) (Silva et al. 1968) . Many reports on the occurrence of A. grandis in these hosts were based on adult collection in traps, which does not necessarily indicate that the insect originated in the cucurbit plantation. Sweet passion fruit (Passiflora alata Dryand.) (Passifloracea) was reported as host of A. grandis by Oakley (1950) ; however, the record source is not clear, and therefore this plant is questioned as a host. In addition, there are doubts regarding the occurrence of A. grandis in chayote.
Females of A. grandis lay eggs in different stages of fruit development. The larvae hatch, feed on the pulp, create galleries, and allow the entrance of microorganisms through the oviposition puncture leading to fruit rot, making them unsuitable for consumption, trade, and industrialization (Malavasi and Barros 1988) . Losses caused to fruit by larvae are considerable, but greater losses are directly related to quarantine restrictions imposed by importing countries. Thus, the Brazilian Ministry of Agriculture, Livestock and Supply (MAPA) , along with the State Secretariats of Agriculture, defined monitoring pest-free areas and risk mitigation systems in different Brazilian regions (Ministério da Agricultura, Pecuária e Abastecimento [MAPA] 2006, Paranhos 2008 , Bolzan et al. 2014 .
Despite the importance that A. grandis represents not only for Brazil but also for cucurbit-producing countries of South and Central America and importing countries, studies on its development are still scarce in the literature. Knowledge of the development of A. grandis in different hosts may assist pest management programs with the establishment of control measures that consider insect biology and host phenology, as use of insecticide sprays and natural enemy releases in a specific developmental stage of the pest or host plant biological cycle. Therefore, this study aimed to evaluate the development of A. grandis in fruits of seven species of cucurbits, through the determination of biological parameters of immature and adult stages. A diet (Bionis YE MF and NS) based on yeast, wheat germ, and fine sugar was offered at the ratio of 1:1:3, respectively. Water by capillarity was also offered in acrylic boxes of type Gerbox (11.5 by 11.5 by 3.5 cm) (Gerbox, J. Prolab Ltda, São José dos Pinhais, Paraná, Brazil) containing cotton used for Anastrepha fraterculus (Wiedemann) (Diptera: Tephritidae) (Nunes et al. 2013) .
Materials and Methods

Rearing
Twenty-five days after hatching, a fruit of stem squash (C. pepo) was placed in the cages of adults for oviposition and larval development of A. grandis. Every 2 d, the squash was replaced and placed in a pot containing vermiculite for moisture absorption and substrate for pupation. The pupae were removed from vermiculite with a sieve (2 mm mesh) and placed in Petri dishes (10 cm in diameter and 1 cm in height) in a temperature-controlled room until the emergence of adults. This procedure was performed routinely to maintain the rearing of A. grandis. The rearing room of A. grandis was kept at the temperature of 25 6 2 C, 70 6 10% relative humidity (RH), and a photoperiod of 12:12 (L:D) h.
Biology of A. grandis. Fruits of stem squash (C. pepo), squash (C. moschata), chayote (S. edule), mini watermelon (C. lanatus), Spanish melon (C. melo), hybrid squash "Tetsukabuto" (C. moschata Â C. maxima), and salad cucumber (C. sativus) were offered to females of A. grandis, totaling seven treatments with six repetitions. To expose the fruits of cucurbits, six plastic cages were used (60 by 40 by 40 cm) containing 25 couples of the third generation of the insects reared in laboratory, with 25 d of age.
After the exposure period of 24 h, the fruits were individually separated in plastic containers (14 by 19 by 11 cm) on a layer of vermiculite to provide conditions for larval development. The containers were closed with TNT fabric (nonwoven fabric), tied with rubber bands, and kept in a room with temperature controlled at 23.7 6 1.3 C, 65 6 6.8% RH, and a photoperiod of 12:12 (L:D) h. After the 10th day, the containers with the fruits were checked daily to count and remove the pupae. In each repetition, at least 30 pupae were individualized in acrylic tubes (2.5 by 4.8 by 2.5 cm), containing moistened vermiculite, where they remained until the emergence of adults.
The pupal biological parameters evaluated wereaverage number of pupae per fruit, infestation index (average number of pupae per fruit/average weight of fruits [g]), duration of egg-to-pupa period, duration and viability of the pupal stage, duration of egg-to-adult period, pupae weight, and sex ratio. The pupae were weighed 24 h after pupation, and the sex ratio (sr) was determined using the equation: sr ¼ female/ (female þ male).
At hatching, 25 couples were formed per treatment and kept in a room with temperature controlled at 25 6 2 C, 70 6 10% RH, and a photoperiod of 12:12 (L:D) h. Each couple was put in a cage made with transparent plastic cup of 500 ml with holes of 1 cm diameter at the top, where a 1-mm mesh screen was fixed to allow air circulation. In the cage, a plastic container containing 4 g of the diet was placed, the same diet used to feed adults of maintenance rearing, and water was offered in an acrylic container (10 ml) containing cotton. Observations were carried out daily to determine the preoviposition and oviposition periods, fecundity, fertility, and longevity of females.
Fecundity was determined using circles of epicarp (bark) of stem squash (40 mm diameter and 3.2 mm thick), placed at the bottom of a Petri dish (36.4 mm diameter by 8.0 mm thick). Between the Petri dish and the epicarp, a moistened vegetal sponge cloth (Spontex, PaneSponja, Ilhéus, BA, Brazil) was placed to keep humidity. The circles of epicarp of stem pumpkin were replaced every 48 h to prevent contamination for decomposition. Eggs retained at the bottom of the bark, or on moistened sponge, were carefully removed with a brush, counted, and placed on filter paper previously prepared on a moistened vegetal sponge cloth in the Petri dishes (36.4 mm diameter by 8.0 mm thick). The dishes were sealed with plastic film and kept in a temperature-controlled room, and the larvae hatched were counted and removed daily. To evaluate fertility, eggs of the second or third oviposition of each female were used, obtained in artificial substrates.
Statistical Analyses. The data on the duration of the egg-to-pupa period, preoviposition and oviposition, pupal stage, and longevity of females were analyzed by means of the survival technique analysis. For each period, survival curves of each treatment were determined considering the Kaplan-Meier estimator (Kaplan and Meier 1958) , and compared in the Logrank test using R software (R Development Core Team 2013). Data on pupae viability, sex ratio, and fertility were compared in the Tukey test (P < 0.05), based on the binomial distribution, according to the methodology described by Pimentel-Gomes (2009) . For the eggto-adult period and pupae weight, data were subjected to analysis of variance (ANOVA), and means were compared in the Tukey test (P < 0.05). Data on the number of pupae per fruit and fecundity were submitted to analysis of generalized linear models, through the GENMOD procedure of SAS (SAS Institute 9.2, 2002), given that the data present a Poisson distribution and the test used for the comparison of the means was the likelihood ratio (95% confidence).
Results and Discussion
Of the hosts used in the experiment, squash provided better pupal development of A. grandis in comparison with cucumber and melon, although the infestation index in the cucumber and melon was lower (Table 1) . There was no pupation of A. grandis in chayote and mini watermelon ( Table 1) .
The duration of egg-to-pupa period, which covers the egg and larval stages, differed significantly between treatments. Stem squash (T1) had the smallest period, followed by cucumber (T7), hybrid squash "Tetsukabuto" (T6), Spanish melon (T5), and squash (T2) (v 2 ¼ 1749; df ¼ 4; P < 0.0001; Table 1 ). The fact that stem squash provided shorter egg-to-pupa period of A. grandis may be related to major larval infestation in fruits (Table 1) , which had reduced size compared with other hosts of the genus Cucurbita. Thus, greater larval competition for food may have accelerated the development, which was also observed in the lower pupae weight when compared with other treatments. Peters and Barbosa (1977) reported that the development of insects is faster when density is greater. Kokubo (2012) analyzed the viability of different development stages of A. grandis and, although it was not accounted, a shorter duration between oviposition and pupation was observed in insects that developed in Italian zucchini (C. pepo) and cucumber when compared with other hosts.
The duration of the pupal stage differed significantly between the hosts tested (v 2 ¼ 197; df ¼ 3; P < 0.0001). Pupae from larvae that developed in cucumber showed lower average duration time (19.7 d), while pupae from larvae that developed in hybrid squash had the longest duration average (21.6 d), establishing a difference of about 2 d (Table 1) . Silva and Malavasi (1996) studied the biology of A. grandis in squash (Cucurbita sp.) at the temperature of 25 6 2 C and found similar pupal stage duration to that registered in salad cucumber. The viability of pupae, although greater than 88%, varied between treatments, and the value observed in stem squash differed from that of other hosts (Table 1) .
The duration of the egg-to-adult period, comprising the egg-to-pupa period plus the duration of the pupal stage, differed significantly between the hosts (F ¼ 7.632; df ¼ 3; P ¼ 0.004; Table 1 ). The highest average values were recorded in squash (51.5 d), hybrid squash (51.5 d), and cucumber (49.5 d), differing from those in stem squash (44.3 d). Silva and Malavasi (1996) reported an average duration of egg-to-adult period of 41.3 d for A. grandis reared in squash (Cucurbita sp.) at the temperature of 25 6 2 C. Probably, this duration of 3 d less refers to the temperature used in the experiment, about 1.3 C higher. The pupae weight showed no significant differences between the treatments (F ¼ 15.33; df ¼ 4; P < 0.0001). However, due to the large discrepancy in relation to the sample size between treatments, as the hosts of the genus Cucumis presented a number of pupae far lower than that in hosts of the genus Cucurbita, the Tukey test showed no statistically significant differences Table 1 . Average values (6SE) of biological parameters for larval stages of A. grandis reared in stem squash (Cucurbita pepo) (T1), squash (Cucurbita moschata) (T2), chayote (Sechium edule) (T3), mini watermelon (Citrullus lanatus) (T4), Spanish melon (Cucumis melo) (T5), hybrid squash "Tetsukabuto" (Cucurbita maxima Â Cucurbita moschata) (T6), and salad cucumber (Cucumis sativus) (T7) Conditions were maintained at temperature of 23.7 6 1.3 C, 65 6 6.8% RH, and a photoperiod of 12:12 (L:D) h. a Values represent the survival curves and do not differ in the Logrank test when followed by the same letter in the row. b Values followed by the same letter in the row do not differ in the Tukey test (P < 0.05). c Test of the likelihood ratio (95% confidence). Values in parentheses represent the minimum and maximum duration of the stages and periods within each treatment.
d Average number of pupae per fruit/average weight of fruits (g).
between the averages (Table 1) . Nevertheless, we observe that in stem squash, the pupae weight on average was lower (29.6 mg), and this may be attributed to the large number of larvae that developed in the host, which has size and weight relatively smaller than the other hosts of the genus Cucurbita tested. Therefore, the lack of resources of the host due to the large number of larvae may have provided the lowest pupae weight. The hybrid squash "Tetsukabuto" provided the greatest average of pupae weight (42.6 mg). This may be due to the size and weight of the host fruit, which provided conditions for the larvae to feed for a longer period without fierce competition for food. The sex ratio did not differ significantly (P < 0.05), ranging from 0.45 to 0.51. This indicates that the sex ratio does not vary with the host and for A. grandis the sex ratio should probably be close to 0.5, as observed for other species of the genus Anastrepha (Nunes et al. 2013 , Pereira-Rêgo et al. 2013 .
With respect to the average number of pupae per fruit, the hosts of the genus Cucurbita were more favorable to the development of a greater number of A. grandis when compared with the other genus of cucurbits tested (Table 1 ). The hybrid squash recorded a greater number of insects per fruit (247.5 pupae), differing significantly from the other hosts (v 2 ¼ 1201.96; df ¼ 4; P ¼ 0.0001), while melon had the lowest number (2 pupae). These data show that hosts of the genus Cucurbita offer better conditions for development and feasibility of pupae A. grandis.
This preference for the genus Cucurbita may be related to the origin of these hosts, because Anastrepha species originate in the American continent, more specifically in the Neotropical region, which is the same place of origin of cucurbits in the genus Cucurbita, for example, C. moschata from South America and Mexico, C. maxima from South America, and C. pepo from Central and North America (Bisognin 2002) . The fact that the fruits of cucurbits of the genus Cucurbita present as hosts more suitable for the development of A. grandis may be linked to thousands of years of coevolution between insect and plant.
On the other hand, in another host originally from Central America, chayote, larval development of A. grandis did not occur, as mentioned by Silva et al. (1968) . The development of A. grandis may be related to its higher attraction for hosts of the genus Cucurbita (Norrbom and Kim 1988, Kokubo 2012) , or simply because this host does not enable the development of A. grandis, and the registration of occurrence in this host is not true, similarly for Citrus spp., guava, and passion fruit. The other hosts tested-watermelon, melon, and cucumber-originate in Asia and Africa, and were introduced to the Americas during the European, African, and Asian colonization (Bisognin 2002 , Queiróz 2011 . Therefore, the period of coevolution and interaction between these hosts and A. grandis is much shorter, and may eventually become hosts able to develop a large number of insects through greater adaptation of A. grandis to these other genus of cucurbits.
The average number of eggs laid in different treatments differed significantly, and females of A. grandis larvae reared in hybrid squash "Tetsukabuto" showed, on average, higher fecundity (538.6 eggs), when compared with other hosts (v 2 ¼ 3084.73; df ¼ 3; P < 0.0001; Table 2 ). On the other hand, females from larvae reared in cucumber presented, on average, lower fecundity (106 eggs). Although no data have been reported in the literature about fecundity of A. grandis, it is similar to that recorded for A. fraterculus, with fecundity ranging from 177 to 460 eggs per female, according to the host used (Bisognin et al. 2013) . It is higher than the fecundity determined for Anastrepha obliqua (Macquart) (Diptera: Tephritidae), with fecundity registered of 137 eggs per females of insects raised in mango (Mangifera indica L.) (Carvalho et al. 1998) .
Fertility was greater in females that developed in stem squash (87.9%), although it differed significantly from fertility registered in squash (71.5%; P < 0.05; Table 2 ). For females that developed in hybrid squash "Tetsukabuto," fertility was lower (49.5%), which did not differ significantly from females that developed in cucumber and pumpkin. This variation between the hosts may be related to the small number of repetitions, because as the females lay eggs in the substrate formed by small circles of epicarp in stem squash, the eggs were exposed for a time until their removal. Therefore, the contamination caused by the rapid deterioration of this substrate generated loss in part of samples, and this smaller number of samples may have affected the data on fertility of females. Table 2 . Average values (6SE) of fecundity, fertility, and periods of preoviposition and oviposition of A. grandis reared in stem squash (Cucurbita pepo) (T1), squash (Cucurbita moschata) (T2), hybrid squash "Tetsukabuto" (Cucurbita maxima Â Cucurbita moschata) (T6), and salad cucumber (Cucumis sativus) (T7) Conditions were maintained at temperature of 25 6 2 C, 70 6 10% RH, and a photoperiod of 12:12 (L:D) h. a Values followed by the same letter in the row do not differ by the likelihood ratio tests (95% confidence). b Tukey (P < 0.05). c Values represent the survival curves and do not differ in the Logrank test when followed by the same letter in the row. Values in brackets represent the number of females that laid eggs. Values in parentheses represent the minimum and maximum duration in each treatment.
The duration of the preoviposition period did not differ significantly between treatments (v 2 ¼ 1.1; df ¼ 3; P ¼ 0.78). The period ranged from 28.7 to 36.6 d, for females reared in cucumber and stem squash, respectively (Table 2 ). This period is longer than the 13 d registered by Silva (1991) , where the author reared A. grandis in pumpkin. However, the method used to obtain these data was different, because the author considered the preoviposition period as the period registered for oviposition of the first female out of the 25 placed in a cage with a fruit inside. Thus, the methodologies used in experiments may have influenced the difference of the data observed for this parameter. For the oviposition period, no significant difference was observed between the treatments (v 2 ¼ 7.2; df ¼ 3; P ¼ 0.0647), although the duration recorded for the insects reared in the larval stage on salad cucumber was $50% shorter than that in the other treatments.
Females developed in the genus Cucurbita hosts had greater longevity, differing from females that developed in cucumber (v 2 ¼ 10; df ¼ 3; P ¼ 0.0189; Fig. 1 ). On average, longevity was 83.0, 90.7, and 102.7 d for females reared in hybrid squash "Tetsukabuto," squash, and stem squash, respectively. For females reared in cucumber, average longevity was 55.4 d. Silva and Malavasi (1996) found average longevity of 52.2 d for females evaluated individually at 25 6 2 C, a period similar to that found in females that developed in cucumber (Fig. 1) .
The data presented allow to conclude that hosts of the genus Cucurbita provided, in general, better conditions for development, feasibility, and reproduction when compared with other hosts tested. Fig. 1 . Survival curves of females of A. grandis reared in stem squash (Cucurbita pepo), squash (Cucurbita moschata), hybrid squash "Tetsukabuto" (Cucurbita maxima 3 Cucurbita moschata), and salad cucumber (Cucumis sativus) at temperature of 25 6 2 C, 70 6 10% RH, and a photoperiod of 12:12 (L:D) h. Survival curves followed by the same letter do not differ in the Logrank test.
